A 56-year-old female with metastatic gallbladder cancer involving the liver and stenosis of the hilar bile duct was treated with gemcitabine (1,000 mg/m 2 ) plus S-1 (60 mg/m 2 ). After 9 cycles of therapy, CT showed evidence of stable disease; however, the serum CEA level was increased. Therefore, the chemotherapy regimen was changed to weekly low-dose paclitaxel (60 mg/m 2 ). After 12 cycles of therapy, paclitaxel was reduced to 30 mg/m 2 as the patient developed neutropenia. The patient completed 32 cycles of therapy, and the tumor was reduced in size and marked improvement in bile duct stenosis was noted without any impairment in quality of life. The patient succumbed to the disease 25 months after treatment was initiated. Thus, in this case paclitaxel was more effective than gemcitabine plus S-1. Palliative chemotherapy with paclitaxel after failure of gemcitabine and 5-FU was well-tolerated; therefore, it may be an effective treatment for biliary tract cancer (BTC). A phase I study of palliative chemotherapy with weekly low-dose paclitaxel following gemcitabine (plus cisplatin) and 5-FU is currently in progress in patients with unresectable or recurrent BTC.
Introduction
Biliary tract cancers (BTCs) include carcinomas of the gallbladder and intra-and extra-hepatic bile ducts (cholangiocarcinoma). Gallbladder cancer is the most common type of BTC, and it affects females more frequently than males. Gallbladder cancer is also considered to be the most aggressive type of BTC, with the shortest survival (1) . Most BTCs are detected at an advanced, incurable stage, and are typically treated with chemotherapy drugs such as 5-FU, gemcitabine and cisplatin, often in combination. Response rates range from 20 to 40%, with a median overall survival of 8 to 14 months (1) . The most notable advance in the treatment of BTC is the result of a phase III randomized trial of gemcitabine alone versus gemcitabine plus cisplatin; the chemotherapy doublet improved overall survival by 3.6 months (2). However, the median overall survival with gemcitabine plus cisplatin remains less than 1 year (11.7 months). In fact, there is no appropriate drug for thirdline chemotherapy following gemcitabine (plus cisplatin) and 5-FU for BTC.
Paclitaxel is an anticancer agent (3) that acts by stabilizing polymerized microtubules and enhancing microtubule assembly, which arrests the cell cycle in the G0/S1 and G2/M phases and leads to cell death (4, 5) . Recent studies have shown that low-dose paclitaxel ameliorates tissue fibrosis by inhibiting TGF-β/Smad activity (6, 7) . Therefore, paclitaxel may be useful for treating BTC, a cancer that is associated with tissue fibrosis.
The present study documents the individual response of a patient with gallbladder cancer with multiple liver metastasis and stenosis of the bile duct who was treated with low-dose paclitaxel as palliative chemotherapy following gemcitabine and S-1 (oral prodrug of 5-FU).
Case report
A 56-year-old woman in good health was admitted to our hospital with right upper quadrant pain. Physical examination was notable for right upper quadrant tenderness and hepatomegaly. CT of the abdomen revealed multiple hepatic nodules, a thick gallbladder wall and dilation of the intrahepatic bile duct (Fig. 1A) . CEA was 14.3 IU/ml (upper limit of normal, 5.0 IU/ml) and CA19-9 was 58 IU/ml (upper limit of normal, 37 IU/ml). The patient was diagnosed with unresectable gallbladder cancer with multiple liver metastasis and local infiltration to the liver and hilar bile duct ( Fig. 2A) .
The patient was treated with oral S-1 (60 mg/m 2 ) twice daily for 14 days plus gemcitabine (800 mg/m 2 ) administered on days 8 and 14 [every 21 days as previously described for pancreatic carcinoma (8) ]. After 4 cycles of therapy, the doses were reduced as the patient developed neutropenia. After 9 cycles of therapy, CT showed evidence of stable disease; however, the serum CEA level was increased (Fig. 3) . Therefore, the chemotherapy regimen was changed to weekly paclitaxel (60 mg/m 2 ). After 12 cycles of therapy, paclitaxel was reduced to 30 mg/m 2 due to neutropenia. The patient completed 32 cycles of paclitaxel therapy and CT showed evidence of a partial response (Fig. 1B) and stenosis of the hilar bile duct was improved (Fig. 2B) . At the beginning of paclitaxel therapy, irradiation of the stenotic hilar bile duct was performed. The toxicities evaluated were leucopenia (grade 2), general malaise (grade 1) and shedding of hair; however, no serious adverse events were observed. Therefore, the patient was treated at the outpatient clinic, without any impairment in the quality of life (QOL).
Written informed consent was obtained from the patient, and the treatment was undertaken with the approval of the Local Ethics Committee of Kanazawa University Hospital.
Endoscopic biliary drainage and expandable metallic stent placement was performed for obstructive jaundice due to lymph node metastasis 23 months after beginning treatment. The patient was then diagnosed with pancreaticobiliary maljunction (Fig. 4) . The patient succumbed to the disease due to the progress of cachexia 25 months after the first visit. An autopsy was performed, and the patient was diagnosed with locally advanced, poorly differentiated adenocarcinoma of the gallbladder with multiple liver, lung, lymph node, left ovary and skin metastases.
Discussion
The prognosis of patients with unresectable BTC is extremely poor. No standard chemotherapy was established for patients with unresectable BTC until the study of cisplatin plus gemcitabine by Valle et al (2) . However, the median overall survival of patients treated with cisplatin plus gemcitabine was only 11.7 months. 5-FU is a major drug used in the treatment of hepatobiliary-pancreatic cancers; however, phase II studies using combinations primarily based on 5-FU regimens have revealed little or no benefit on survival and QOL (9,10). S-1 is an oral prodrug of 5-FU widely used in Japan (8) . In a phase III trial (the GEST trial) announced by the American Society of Clinical Oncology in 2011, S-1 produced a favorable response and was not inferior to gemcitabine in terms of the overall survival of patients with unresectable pancreatic cancer (11) . However, there is no appropriate drug for third-line chemotherapy following gemcitabine (plus cisplatin) and 5-FU for BTC.
Paclitaxel is a natural substance isolated from the western yew, Taxus brevifolia. Similar to the vinca alkaloids, it binds to microtubules. However, while the vinca alkaloids promote microtubule dissociation and disruption of the mitotic spindle, paclitaxel promotes microtubule formation and stabilization. There have been some retrospective studies and phase I and II studies of paclitaxel and docetaxel (taxanes) for pancreatic cancer and BTC (12) (13) (14) (15) (16) (17) . The disease control rates in these studies were 33 to 57% when used as first-line chemotherapy.
Recently, paclitaxel has been receiving attention for its effects other than antitumor activity; for example, its use in drug-eluting stents in coronary arteries (18) . Moreover, it has been reported that paclitaxel ameliorates fibrosis in hepatic stellate cells and renal fibrosis through the inhibition of TGF-β/Smad activity (6, 7) . Paclitaxel also interrupts TGF-β1 signaling between gallbladder epithelial cells and myofibroblasts (19) . Taghian et al reported that paclitaxel decreases interstitial fluid pressure and improves oxygenation in breast cancer tissues in patients treated with neoadjuvant chemotherapy and that patients with hypoxic tumors and/or tumors with high interstitial fluid pressure may start with paclitaxel chemotherapy to improve their physiological status (20) . Pancreatic cancer and BTC are well-known hypoxic tumors associated with fibrosis. Therefore, taxanes may be effective in the treatment of pancreatic cancer and BTC.
Certain studies have also documented taxane chemotherapy in patients with gemcitabine-refractory pancreatic cancer (21, 22) . Cancer cells experience various forms of stress from anticancer drugs, irradiation, hypo-oxygenation, hypo-nutrition and heat treatment, and these stresses induce epithelial-to-mesenchymal transition (EMT), which is associated with the invasive potential of cancer cells (23) . The inhibitory effect of paclitaxel on TGF-β/Smad activity is involved in the suppression of EMT in epithelial cells.
In the present case, paclitaxel was more effective than gemcitabine and S-1 for unresectable gallbladder cancer. Furthermore, paclitaxel has fewer side-effects; therefore, it should be suitable as a palliative chemotherapy for BTC as has been reported for breast cancer (24) . In conclusion, palliative chemotherapy with paclitaxel after failure of gemcitabine and 5-FU is well-tolerated and may be effective for BTC. However, the appropriate dose of these anticancer drugs should be determined in a future study. A phase I study of palliative chemotherapy with weekly low-dose paclitaxel following gemcitabine (plus cisplatin) and 5-FU is currently in progress in patients with unresectable or recurrent BTC.
